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The aim of the present study was to characterize the temporal patterns of sleep and
wakefulness in a sample of the adult subjects from São Paulo city. All subjects ﬁlled the
Morningness/Eveningness Questionnaire (MEQ) and wore an actigraph for at least three
consecutive days. A total of 359 subjects were considered for the analyses. The mean age
was 43714 years, the mean body mass index was 26.775.7 kg/m2, and 60% were female.
The mean MEQ score was 58.0710.7. The sleep pattern evaluated by the actigraphic
analyses showed that 92% had a monophasic sleep pattern, 7% biphasic, and 1%
polyphasic sleep pattern. Cluster analysis, based on time to sleep onset, sleep efﬁciency,
sleep latency, and total sleep time, was able to identify three different groups denominated:
morning type, evening type, and undeﬁned type. Morning type subjects were more frequent,
older, and had higher MEQ scores than evening type subjects. Our results showed that the
actigraph objectively assessed the sleep-wake cycle and was able to discriminate between
morning and evening type individuals. These ﬁndings suggest that the actigraph could be a
valuable tool for assessing temporal sleep patterns, including the circadian preferences.
& 2014 Brazilian Association of Sleep. Production and Hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Few epidemiological studies have evaluated the pattern of sleep-
wake cycle in the general population. Questionnaires or sleep
logs, in addition to the objective evaluation of sleep-wake
patterns by actigraphs, are typically used in these studies [1–5].
It is important to note that the results of actigraphic recording as
an instrument to investigate sleep pattern has been compared
with polysomnography, which is considered the gold standard
for objective evaluation of sleep, showing good correlation [6,7].
Previous studies have shown that duration and quality of sleep,ep. Production and Hosti
licenses/by-nc-nd/3.0/).
ros 925, CEP 04024-002, S
ntos-Silva).
an Association of Sleep.which have consequences for health, are strongly associated
with race, gender, and socioeconomic status [1]. It has also been
demonstrated that the self-reported sleep duration is longer than
the sleep duration objectively evaluated using an actigraph [2]
and that morningness/eveningness preference is largely inde-
pendent of ethnicity, gender, and socioeconomic status, indicat-
ing that this preference may be better explained by endogenous
factors [3]. However, past studies with young adults showed
female had signiﬁcantly stronger tendency toward the morning-
ness preference, and the authors considered the role of social-
cultural factors in the existence of gender differences [4,5].ng by Elsevier B.V. This is an open access article under the CC BY-
ão Paulo/SP, Brazil. Tel.: þ55 11 21490155; fax: þ55 11 55725092.
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cycle is inﬂuenced by external cues that can greatly change
the quality of life and cause signiﬁcant consequences to the
health of the individual and collective. Many cultural, envir-
onmental and social stimuli are related to an increase in light
intensity to which the individual is subjected. Depending on
time of the day that these stimuli occur, they can act on the
circadian system and cause a phase delay or advance [8,9].
We should propose that the characterization of the sleep-
wake cycle of a population is not trivial because exogenous
and endogenous characteristics inﬂuence the habits of sleep-
ing and waking. In this context, the aim of this study was to
characterize the temporal pattern of sleep and wakefulness
in a sample of the adult subjects from São Paulo city. The
study was based on questionnaire and actigraphic data.Table 1 – Analyses of the sleep characteristics evaluated
by actigraph wore during weekdays and weekend in a
sample of 92 volunteers. Data presented on average7s-
tandard deviation.
Weekdays Weekends p
Total Sleep Time (min) 352.2748.4 364.4773.5 0.31
Sleep Efﬁciency (%) 81.274.7 80.475.3 0.54
Sleep Latency (min) 12.2711.2 12.8712.6 0.91
WASO (min) 57.1717.8 62.3722.8 0.23
WASO¼wake after sleep onset.2. Materials and methods
2.1. Study participants
The study protocol was approved by the Ethics Committee for
Research at the Universidade Federal de São Paulo (CEP 0593/
06) and was registered with ClinicalTrials.gov (Identiﬁer
NCT00596713). All subjects read and signed an informed
consent form.
The study was conducted with individuals who partici-
pated in the São Paulo Epidemiologic Sleep Study (EPISONO)
and agreed to wear an actigraph for at least three consecutive
days. The study design and methodology of EPISONO have
been described in detail previously [10]. Brieﬂy, EPISONO was
a population-based survey developed to establish the epide-
miological proﬁle of sleep disorders in the adult population of
São Paulo. A total sample of 1101 volunteers were enrolled as
a representative population sample based on gender, age
(20–80 years) and socioeconomic status, with 3% precision in
the prevalence estimates [11]. A three-stage cluster sampling
technique was used with unequal selection probability [11].
Pregnant and lactating women, subjects with physical or
mental impairments that prevent self-care, and subjects
who work every night were not included in the household
drawing. Data collection was performed between July and
December 2007.
2.2. Data collection
2.2.1. Morningness/Eveningness questionnaire (MEQ)
The Portuguese version [12] of the MEQ, developed by Horne
and Ostberg [13], was used to score the circadian preferences
of the evaluated population.
2.2.2. Actigraph
The subjects were instructed to wear the actigraph (Acti-
wach-641, Respironics, Inc. Co. USA) for a minimum of three
consecutive days, regardless of whether it was during the
week or on the weekend. Data were analyzed using the
Actiware 5.0 software, which evaluates the parameters of
the activity/rest cycle.
The following parameters were evaluated: total sleep time
(TST) for each sleep episode (“main episode TST”) and overeach 24-hour period (including naps) (“24 h TST”), sleep
latency, sleep efﬁciency, wake after sleep onset (WASO),
and time to sleep onset.
The study protocol allowed the volunteers to choose the
most appropriate dates to wear the actigraph. A subsample of
92 volunteers wore the actigraph for at least three consecu-
tive days during the weekdays and also during the weekend.
Those data were analyzed and no signiﬁcant differences
(p40.05) were found in the main characteristics of sleep
during the weekdays compared to the weekends (TST, sleep
latency, sleep efﬁciency, WASO) (Table 1). Thus, data from
both weekdays and weekends were included in the same test
sample.
The number of episodes of sleep over each 24-hour period
was classiﬁed as monophasic (predominantly a single epi-
sode of sleep), biphasic (presence of a second sleep episode
during more than 50% of the days in the time series), and
polyphasic (presence of more than two sleep episodes during
more than 50% of the days in the time series).2.3. Statistical analysis
For comparisons between groups as a function of demo-
graphics and actigraphic variables, chi-square or ANOVA with
Tukey post-hoc test were used, depending of the level of
measurement. For variables that were not normally distrib-
uted, the results were checked by the nonparametric Mann–
Whitney and Kruskal–Wallis tests, and their results were
presented only if they differed from the ANOVA results. One-
way ANOVA tests were used to compare the data from
subjects who used the actigraph both during the weekdays
and on the weekend.
A two-step cluster analysis with two different sets of
variables was performed. The ﬁrst set included time to sleep
onset, sleep efﬁciency, sleep latency, and TST. In the second
set, the sleep efﬁciency was replaced by WASO. In both data
sets, the ﬁrst two components were sufﬁcient to understand
the relationships between the variables explaining 70% and
65% of the total proportion of the variability. The clusters
were used as independent variables in comparison with the
MEQ and a one-way ANOVA of this comparison was
performed.
All results were considered signiﬁcant when po0.05. The
STATA 10.0 package was used to perform the analyses.
Fig. 2 – Dispersion of subjects according to the cluster
analysis of the actigraphic variables (time to sleep onset,
sleep efﬁciency, sleep latency, and Total Sleep Time).
Groups were divided based on the temporal pattern of sleep:
Group 1¼morning type; Group 2¼evening type; and
Group 3¼undeﬁned type.
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Of the evaluated sample (N¼1101), 533 subjects agreed to
wear the actigraph. A total of 174 subjects were excluded due
to problems such as incorrect device use, insufﬁcient time of
usage and technical problems. A ﬁnal sample of 359 subjects
was considered for the analyses. No differences in age
(p¼0.83) or in the proportion of males and females (p¼0.08)
were found among the sample of subjects who did not wear
the actigraph (N¼568), those who wore but were excluded
(N¼174), and the ﬁnal sample (N¼359). A signiﬁcantly higher
proportion of subjects from the upper socioeconomic class
agreed to wear the actigraph (excluded and ﬁnal sample)
compared to the overall sample and the subjects who had not
agreed (p¼0.001).
Of the 359 subjects, the age (mean7standard deviation)
was 43714 years, body mass index (BMI) was 26.775.7 kg/m2,
and 60% were female. The assessment of circadian prefer-
ences by MEQ showed a score of 58.0710.7. The frequency of
the subjects based on MEQ score is presented in Fig. 1 and
shows a tendency toward morningness.
The average number of days wearing the actigraph was
5.872.1 days (range 3–22.6 days). Actigraphic analyses
showed that the “main episode TST” was 365.4757.4 min
and the “24 h TST” was 371.6758.1 min, the sleep efﬁciency
was 80.676.7%, the sleep latency was 12.5711.0 min, and
WASO was 53.9721.2 min.
The assessment of the sleep pattern showed that 92% had
a monophasic pattern, 7% had a biphasic pattern, and only
1% had a polyphasic pattern.
Fig. 2 shows the dispersion of the subjects in the cluster
analysis based on the actigraphic variables of time to sleep
onset, sleep efﬁciency, sleep latency, and TST; these data
characterized the distribution of the temporal sleep pattern
in the subjects. A clear division along the horizontal axis was
observed and was able to divide the subjects according to
time to sleep onset: Group 1¼morning type; Group 2¼
evening type; and Group 3¼undeﬁned type. The undeﬁnedFig. 1 – Distribution of the Morningness/Eveningness
Questionnaire (MEQ) score in the evaluated subjects
(n¼359).type group appears to be representative of subjects with
reduced sleep efﬁciency, almost independent of time to sleep
onset. However, the highest score is below the reference line
nearest the evening type group. Table 2 shows the demo-
graphics and actigraphic variables description of the study
groups. The subjects in the evening type group (40.3713.5
years) were younger than those in the morning type group
(44.4714.4 years) and the undeﬁned type group (43.6717.2
years). As expected, actigraphic variables were signiﬁcantly
different among the groups.
Fig. 3 shows the distribution of the “main episode TST”
and “24 h TST” according to morning and evening types, both
as deﬁned by the actigraph variables. There was a trend of
higher frequency of evening type among the subjects who
had less than six hours of sleep compared to the
morning type.
The evaluation of the MEQ score according to the temporal
pattern deﬁned by the actigraph showed that the morning
type group had higher scores than the evening type group
(Fig. 4).4. Discussion
The evaluated sample of the São Paulo city population
assessed by actigraph showed average sleep duration of six
hours, sleep efﬁciency of 81%, temporal pattern of sleep that
was predominantly monophasic and a trend toward
morningness.
Other studies that evaluated a population-based sample [2]
and a population of young adults [1] also showed that the
average sleep duration and sleep efﬁciency were similar to our
results (6 h and 80%, respectively). It is important to note
that habitual sleep duration among adults shows considerable
variance within and between individuals [14], with a reported
daily average of sleep of 6.8 hours [15]. However, some studies
suggested that sleep duration as reported by North American
Table 2 – Description of the groups based on the temporal pattern of sleep deﬁned by the cluster analysis of the actigraphic
variables (mean values7standard deviation) of time to sleep onset, sleep efﬁciency, sleep latency, and total sleep
time (TST).
Group 1 (morning type) Group 2 (evening type) Group 3 (undeﬁned type) P
N (%) 220 (61) 116 (32) 23 (7) 0.001
Age (years) 44.4714.4 40.3713.5* 43.6717.2 0.04
Gender (%)
Male 36.8 44 56.5 0.41
Female 63.2 56 43.5
BMI (kg/m2) 26.775.7 26.575.2 27.877.1 0.58
Occupation (%)
Employed 74.5 82 65.2 0.14
Housewife 8.2 4.3 8.7
Retired 14.1 6.9 17.4
Unemployed 3.2 2.6 8.7
Actigraphic variables
Time of sleep onset (h:min) 22:13‡ 01:54 Variable† 0.001
Sleep latency (min) 11.979.4 11.179.9 25.2720.1† o0.001
Sleep efﬁciency (%) 81.076.4 81.576.5 72.375.5† o0.001
“24 h TST” (min) 379.8752.0‡ 354.8767.6 377.1744.9 0.001
“Main episode TST” (min) 374.4752.4‡ 349.0765.7 362.4757.7 0.001
n signiﬁcant difference between the evening type group and the morning type and undeﬁned type groups (ANOVA with Tukey post-hoc test).
† signiﬁcant difference between the undeﬁned type group and the morning type and evening type groups (ANOVA with Tukey post-hoc test).
‡ signiﬁcant difference between the morning type group and the evening type group (ANOVA with Tukey post-hoc test).
Fig. 3 – Distribution of the hours of sleep among the morning and evening type groups, both evaluated by actigraph (n¼359).
A: main total sleep time; B: total sleep time over each 24-hour.
S l e e p S c i e n c e 7 ( 2 0 1 4 ) 1 5 2 – 1 5 7 155adults decreased over the past 10 years [16]. Sleep efﬁciency
was also decreased in our study, compared with the normal
values found by polysomnograph (485%). Considering that
actigraph may systematically overestimated sleep efﬁciency
when compared to polysomnograph [6] probably the sleep
efﬁciency found in this study could be lower than 81%. There
is considerable debate whether sleep duration decrease is
resulting in higher rates of chronic sleep restriction or sleep
debt and effects of sleep deprivation to the general population,
including neurobehavioral and physiological (endocrine,
immune and cardiovascular) consequences [16–18].
As expected for the general adult population [19], our
study showed that 92% of the subjects had a monophasic
pattern. The monophasic sleep pattern remains during adult-
hood, except in some societies that have the habit of nappingafter lunch [20]. Several factors could determine the ideal
total sleep duration, if it can be achieved with a single sleep
episode (monophasic pattern) or with more than one (bipha-
sic or polyphasic). First, there is an individual propensity that
determines the ability of a subject to sleep at different times
[21,22]. Moreover, social factors could determine the need to
perform various sleep episodes [23–26]. Biphasic and poly-
phasic sleep patterns, represented by 8% of the evaluated
population, may be associated with the ability of humans to
fall asleep several times a day. This ability to fragment sleep
within a 24-hour period may be an adaptive strategy in
individuals who cannot have the desired amount of
sleep [27].
Our results showed that although the mean MEQ score
characterized the circadian preferences of the subjects as
Fig. 4 – Morningness/Eveningness Questionnaire (MEQ)
score according the temporal pattern deﬁned by the cluster
analysis based on the actigraph data (n¼359).
S l e e p S c i e n c e 7 ( 2 0 1 4 ) 1 5 2 – 1 5 7156indifferent (58711), there was a rightward shift of the
Gaussian curve of the MEQ scores, i.e., showing a tendency
toward morningness. Furthermore, using the MEQ to com-
pare groups determined by the cluster analysis, both groups,
morning and evening types based on the cluster analysis,
were classiﬁed as intermediate by the MEQ. One possible
explanation for this result is the difference between the
preference of the subjects in relation to the habits of sleeping,
waking up, and performing their daily activities and what
actually occurs in their daily routine as revealed by actigraph.
However, the group deﬁned by actigraph as morning type
presented MEQ scores that were signiﬁcantly higher than
those of the evening type. This ﬁnding seems to strengthen
the role of the actigraph as a tool for assessing the circadian
preferences that are closer to the real situation regarding
sleep in population studies.
Our data also showed that most of the subjects were deﬁned
by the actigraph as morning type. Other researchers observed
an increase in morning type subjects in the general population.
An epidemiological study conducted in the adult population of
New Zealand, using MEQ scores, showed that 49.8% of the
population was characterized as morning type [3]. Another
study that evaluated 566 adult subjects, without sleep com-
plaints, found that 62.1% were morning type based on the MEQ
score [28]. One can speculate that light exposure would be an
environmental factor that is associated with the genetic pre-
disposition to the phenotypic expression of morningness and
eveningness [8]. In São Paulo, the difference between the
shortest and the longest day throughout the year is approxi-
mately two hours, whereas in London this difference is eight
hours. However, in a study performed in France [28], similar
proportions of morningness were observed. Thus, other factors
seem to inﬂuence this increased frequency of morningness in
São Paulo city.
We found that the morning type group had higher TST
(“main episode” and “24 h”) than the other groups and were
also more common among those who slept more than six
hours per day. These data corroborate the study by Taillard
and colleagues [29], which showed that evening type subjects
had shorter time in bed and increased need for sleep. We
suggest that evening type individuals could experience con-
sequences associated with chronic sleep deprivation.Our study showed that the mean age of the evening type
subjects, identiﬁed by the cluster analysis, was lower than
that in the other groups, which is consistent with other
studies that showed a trend for increased morningness with
age [30], even after correcting for socioeconomic and demo-
graphic factors [3,31].
The main limitation of our study was the difﬁculty of
sampling the general population of São Paulo with the use of
the actigraph. Our sample of subjects who wore an actigraph
was comparable to the general population in terms of the
male/female proportion and age, but signiﬁcant differences
were found for the socioeconomic status. Furthermore, from
the sample who agreed to wear the actigraph, many subjects
were excluded from the analysis, mainly due to failure in the
consecutive days of use. This may represent the difﬁculty of
compliance in wearing the actigraph despite the time spent
training the subjects. As expected in a population-based
survey [11], the evaluated sample of subjects is heteroge-
neous and the health, lifestyle or occupational issues were
not considered in this study. Moreover, MEQ was applied by
trained interviewers. This could have some bias since the
MEQ is a self-reported questionnaire.
We conclude that the actigraph was valuable for establish-
ing the proﬁle of the temporal sleep pattern of the evaluated
population, including circadian preferences, based on the
variables of sleep efﬁciency, TST, bedtime, and sleep latency.
These data demonstrated that the population was mostly
classiﬁed as morning type mainly due to the primary pheno-
type and/or the adaptation imposed on the inhabitants by the
social habits of a large metropolis. We suggest that the
actigraph, which has the capacity to record long periods of
the wake-sleep cycle, is also reliable and valid to detect
circadian preferences in an adult population.Acknowledgments
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